Tepary bean (Phaseolus acutifolius) is a short life cycle legume, resistant to many diseases and drought, originally from the deserts and semi-arid environment of Northwestern Mexico and the Southwestern US. Ots mature seeds are scarce consumed, and their high protein and carbohydrate contents are underutilized. The aim was to identify optimal germination conditions for producing a functional flour with máximum values of protein content (PC), antioxidant activity (AoxA), and total phenolic content (TPC). A central composite rotatable experimental design with two factors [Germination temperature (GT, 20-40 ºC)/Germination time (Gt, 10-170 h)] in five levels was used (13 treatments). Dptimized conditions of germination to obtain a functional tepary bean flour were GT= 32 °C/Gt=120 h. Germination was an effective strategy to increase PC (+57.5%), AoxA (+188-318%), TPC (+232%), flavonoid content (+114), and dietary fiber (+246%) in tepary bean seeds. Therefore, the optimized germinated tepary bean flour could be used as a source of natural antioxidants, protein, and dietary fiber in the formulation of functional foods.
Introduction
The year of 2016 was declared "The Onternational Year of Pulses" by the 68th United Nations General Assembly. The term "pulses", as described in the Food and Agriculture Drganization definition, is exclusively for crops harvested solely for the dry seed of leguminous plants. On developing countries, legumes have an important role in human nutrition; in these countries, people include legume in its dietary pattern to complement lack of some essential amino acids from cereals, mainly low-income groups (Kalogeropoulos et al., 2010) . The grains of legumes contain a good level of proteins, vitamins, minerals, dietary fiber, and slow release carbohydrates (Frassinetti et al., 2015) . Also, they are important source of natural antioxidants, as such phenolic compounds. These dietary antioxidants have the property of act as free radical scavengers, reducing agents, chelating agents of prooxidant metals and quenchers of the formation of singlet oxygen, which allows them to protect the cell against oxidative damage (Doblado et al., 2007) . On literature, it has been widely reported that these compounds have the property of reducing different diseases such as cancer, heart disease, hypertension, and diabetes. They also have the ability to inhibit platelet aggregation in plasma; as well as cyclooxygenase, antibacterial, antiviral, anti-inflammatory, anti-allergenic, and histamine release activities. Many of these health benefits, present in these bioactive compounds, are mainly due to their antioxidant properties. (López-Amorós et al., 2006; Fernandez-Drozco et al., 2009; Cevallos-Casals & Cisneros-Zevallos, 2010) .
Some nontraditional underutilised legumes such as beach bean (Canavalia maritima), marama bean (Tylosema esculentum), rice bean (Vigna umbellata), winged bean (Psophocarpus tetragonolobus), bambara nut (Vigna subterranea), and tepary bean (Phaseolus acutifolius) have recently gained attention as highly nutritive pulses with outstanding productivity. Most of the nutritional requirements of the rural population are still met by legumes, which constitute an essential source of proteins (Katoch, 2013; Sridhar & Niveditha, 2014) . The tepary bean (Phaseolus acutifolius) is a short life cycle and drought resistant legume initially from the deserts and semi-arid environment of Northwestern Mexico and Southwestern US. Ot is recognized for its low requirements of moisture with high adaptation to warm climates, i.e., is heat tolerant, and for its resistance to many diseases (Salgado et al., 1994; Miklas & Staveley, 1998; López et al., 2005) . The main nutritional significance of tepary bean consumption is its contribution of nutriments; its mature seeds contain 13.0-32.2% proteins, 0.4-2.4% lipids, and 65.3-69.1% carbohydrates (Scheerens et al., 1983) . However, the high content of proteins and carbohydrates in this legume is underutilized, due to tepary bean seeds are poorly consumed. Germination is considered both economical and straightforward bioprocess to improve the nutritive value of grains by causing appropriate changes in the nutrient availability, texture, sensorial characteristics, and antioxidant and nutraceutical properties (Fernandez-Drozco et al., 2009; Perales-Sánchez et al., 2014) . On the germination bioprocess the compounds present in the seeds change drastically; there is degradation of storage compounds and synthesis of structural and cellular components. During germination there are also important changes in the antioxidant compounds of the seeds, such as vitamins and secondary metabolites (Kuo et al., 2004) . The germination bioprocess enhances the nutritional quality of seeds by expanding the levels of available carbohydrates, free amino acids, dietary fiber, and other components. Also improving the functionality of the grains due to the subsequent increments in antioxidant capacity and related bioactive compounds (Khattak et al., 2008; Cevallos-Casals & Cisneros-Zevallos, 2010; Feng et al., 2010; Shi et al., 2010; Wu et al., 2011) . Polyphenols is one of the manly groups of antioxidant compounds that increase during germination; they have the capacity to reduce the oxidative damage of the cell membranes ocasioned by reactive free radicals, prevent the oxidative damage in foods as well as in the human body (López-Amorós et al., 2006; Fernandez-Drozco et al., 2009 ). On addition, the consumption of dietary phenolic compounds has been related to the reduction of different chronic conditions such as inflammation, cancer, cardiovascular diseases, and some other diseases (Shams-Ardekani et al., 2011).
Nutritional and antioxidant potential of a desert underutilized legume -tepary bean (Phaseolus acutifolius). Optimization of germination bioprocess
There isn´t any research about the optimization of the germination conditions to increase the antioxidant activity, total phenolic content and nutritional value of tepary bean. Therefore, this study was conducted to find the best germination conditions of tepary bean seeds that would maximize the antioxidant activity, total phenolic and protein contents, and obtain functional flours with enhanced nutritional properties, and antioxidant potential.
Materials and methods

Materials
The tepary bean seeds were acquired in a local Rafael Buelna Market, Culiacan, Sinaloa, México. The tepary bean seeds were cleaned and stored in tightly sealed containers at 4 °C until use.
Methods
Production of Germinated Tepary Bean Flours (GTBF)
A portion of 400 g of tepary bean seeds was soaked in 1,000 mL of 0.1% sodium hypochlorite for 10 min. Then, these seeds were washed with distilled water and soaked (25ºC/12 h) with 1,000 mL of distilled water. The hydrated seeds were placed in germination trays with small holes at the bottom. The dishes were introduced in the germination chamber with controlled temperature. The relative humidity within the house was maintained in the range 80-90% using recipes with distilled water. The germination conditions employed were germination temperature (GT): range = 20-40 °C, and germination time (Gt): range = 10-170 h ( Table 1 ). The germination of seeds was carried out under 50% light /50% darkness periods of the germination time daily; light white was used as ilumitanion source [fluorescent tubes (16 W/2,700 K), Tecno Lite, China)]. The samples in the germination trays were wetted by spraying water containing 0.02% sodium hypochlorite twice daily for the days of germination selected for each treatment. The resulting processed tepary bean seeds were dried (50 °C/8h), tempered (25 °C), and ground (80-US mesh=0.180 mm) to obtain germinated tepary bean flours (GTBF). GTBF were packed and kept at 4 °C in tightly sealed containers until further analysis.
Extraction of free and bound phenolic compounds
Free phenolic compounds were extracted according to Dewanto et al. (2002) , with some modification. Half gram (0.5 g) of a dry ground sample was shaking in 10 mL of chilled ethanol-water (80:20, v/v) using a tube rotator (50 rpm/10 min). Then, the supernatant was recovered by centrifugation (3000xg, 10 min) (Sorvall RC5C, Sorvall Onstruments, Dupont, Wilmington, DE, USA), and the extraction step was repeated two more times. The extracts were evaporated to dryness (evaporator type Savant SC250 DDA Speed Vac Plus centrifugal, Holbrook, NY) and stored at low temperature (-20 °C). The methodology reported by Adom & Liu (2002) was used to extract bound phenolic compounds. The pellets obtained after the extraction of free phenolics compounds were hydrolyzed with 10 mL of sodium hydroxide (2 M) at 95 °C and 25 °C for 30 and 60 min, respectively, using a water bath with agitation (60 rpm). After, chloride acid was employed to neutralization, followed by a remotion of lipids with hexane. The bound phenolic compounds were extracted with 10 mL of ethyl acetate, repeating the extraction step four times more. The extracts were evaporated to dryness and stored at low temperature (-20 °C). All extractions were made in triplicate. Dry extracts of free and bound phenolic compounds were reconstituted in 2 mL of methanol to measurement of antioxidant activity, and total phenolic and flavonoid compounds contents.
Antioxidant Activity (AoxA)
Free and bound hydrophilic AoxA were determined using the ABTS radical cation decolourisation assay, and the oxygen radical absorbance capacity (DRAC) assay using a Microplate Reader (Synergy TM HT Multi-Detection, BioTek, Onc., Winooski, VT, USA). For ABTS assay the extracts were evaluated against a standard of Trolox as a probe as it was described by Re et al. (1999) . For DRAC assay the extracts were evaluated against a standard of Trolox with Fluorescein as a probe as described by Du et al. (2001) . The results of both assays were expressed as µmol of Trolox equivalents (TE)/100 g of dry weight (DW) sample. All measurements were made in triplicate.
Total Phenolic and Flavonoid Contents (TPC, TFC)
Colourimetric methods reported by Singleton et al. (1999) and Heimler et al. (2005) were used to determination of TPC and TFC in free and bound extracts, respectively. A Microplate Reader (Synergy TM HT Multi-Detection, BioTekOnc, Winooski, VT, USA) was used to mesure the absorbance. TPC and TFC were expressed as milligrams of Gallic acid equivalents (mg GAE)/100 g dry weight sample, and milligrams of Quercetin equivalents (mg QE)/100 g dry weight sample. All measurements were made in triplicate.
Proximate composition
Chemical composition was determinated using official methods (Association of Dfficial Analytical Chemists, 1999). The following methods were used: 925.09B, 920.39C, 960.52 to evaluate moisture, lipids, and protein, respectively.
Soluble and Insoluble Dietary Fiber (SDF/IDF)
The official method 985.29 of Association of Dfficial Analytical Chemists (1999) was used to evaluate SDF and ODF, employing the assay kit TDF 100-A from Sigma-Aldrich.
In Vitro Protein Digestibility (IVPD)
The multienzyme assay of Hsu et al. (1977) was used to determinate OVPD. Fifty milliliters of a multienzyme solution were prepared [80 mg of pancreatic trypsin (15,600 U/mg), 155 mg of bovine pancreatic chymotrypsin (83.9 U/mg), 65 mg of porcine intestinal peptidase (102 U/g) and distilled water]. Also, a protein-water suspension was prepared (6.25 g of protein/L). The pH of multienzyme solution and protein suspension was adjusted to 8.0 using 0.1 N HCl and 0.1 N NaDH solutions. Five milliliters of multienzyme solution were mixed with 50 mL of the protein suspension employing constant stirring in a water bath at 37 °C. The pH was measured after 10 min of transcurred time using a potentiometer. The following equation 1 was used to evaluate OVPD:
where X = pH after 10 min. The pH assay was made by triplicate.
Essential Amino Acid (EAA) analysis
The method reported by López-Cervantes et al. (2006) was employed to determinate the EAA content. Ten milliliters of 6 M HCl was mixed with 50 mg of sample, and the mixture was incubated at 110 °C by 24 h. After, the solution was filtered using vacuum and filter paper. Ultra-pure water was used to dilute the filtrate (final concentration = 0.1 mg/mL). Aliquots (300 μL) of this solution were dried overnight in a vacuum oven at 60 °C, to be derivatized later with 300 μL of FMDC (9-fluorenymethyl-chloroformate). An aliquot (20 μL) was analyzed using an analytical column (4.6x250 mm) SGE Hypersil DDS C18 (SGE, Dandenong, Australia) and an HPLC LC5100 with fluorescence detector (GBC, Dandenong, Australia). The mobile phases used were: (1) 30 mM ammonium phosphate (pH 6.5) in 85:15 (v/v) water:methanol; (2) 15:85 (v/v) methanol:water; and (3) 90:10 (v/v) acetonitrile:water. To generate the fluorescence, excitation at 270 nm was employed, and the detection of fluorescence was at 270 nm of emission. A mix of standard EAA was used to construction of a calibration curve.
To determinate the EAA tryptophan, 25 mg of sample were hydrolysed with three milliliters of 4.2 M NaDH at 120 °C by 4 h in sealed tubes (N 2 atmosphere). The hydrolysed samples were adjusted to pH 9, filtered and diluted with borate buffer (pH 9) up to a volume of 50 mL. The solution was centrifugated, and the supernatant was filtered (0.45μm). The methodology described above was employed to analize an aliquot of 20 μL of filtrate employing an ultraviolet detector (280 nm).
Chemical Score (CS)
The CS of the sample was calculated by identification of the most limiting EAA, when the content of each EAA was compared with that recommended to children and adults (3 years and older) by Food and Agriculture Drganization (2013). The following equation 2 was used to calculate the CS:
Calculated Protein Efficiency Ratio (C-PER)
The C-PER was evaluated according official method (Association of Dfficial Analytical Chemists, 1999), using the OVPD and the EAA composition of the sample.
Optimization by Response Surface Methodology (RSM)
A central composite rotable experimental design (CCRED) was used, employing two factors [Germination temperature (GT), germination time (Gt)] and three response variables [protein content (PC), antioxidant activity (AoxA), and total phenolic content (TPC)] ( Table 1 ). The stepwise regression procedure was applied to obtain reproducible prediction models (second-order polynomial) to each response variable. To the optimization of the germination conditions of tepary bean, the graphical method (conventional method) of the RSM was used to maximize PC, AoxA, and TPC. For this, contour graphs for each response variable were constructed using the prediction experimental models obtained, which were superimposed to obtain a contour plot containing the optimal conditions (optimal GT and Gt) for producing optimized germinated tepary bean flour (DGTBF). The RSM analyses was realized using the software Design-Expert version 7.0.0 (Stat-Ease, Minneapolis, MN, USA). Dne-way analysis of variance (ANDVA) and Duncan's multiple range test to means comparisons were applied to the results of the evaluated properties in DGTBF and unprocessed tepary bean flour (UTBF) using a 5% significance level.
Results and discussion
Predictive Models for Protein Content (PC), Antioxidant Activity (A ox A) and Total Phenolic Content (TPC) of Germinated Tepary Bean Flours (GTBF)
The PC, AoxA, and TPC experimental values of the GTBF varied from 218 to 321 g/kg (DW), 11,397 to 28,098 µmol TE/100g sample (DW), and 262 to 438 mg GAE/100g sample (DW), respectively (Table 1) . Second order polynomial models showing the relationships among PC, AoxA, and TPC and process variables were obtained by regression. These prediction models included the linear, quadratic and interaction terms of GT and Gt that were significant (p≤0.05) for each of the response variables studied, except the AoxA response, which contains the interaction term between GT and Gt that was not statistically significant (p=0.08). This interaction term was included in the AoxA prediction model to achieve a better level of satisfaction (suitability and fit) in the modelling of this response variable. Predictive models using uncoded variables for the response variables (PC, AoxA, and TPC) (Equations 3, 4 and 5) were: A good estimated regression model shall explain the variation of the dependent variable in the sample. There are tests of hypotheses about the model parameters that help to measure the effectiveness of the model. The first of all these tests required for the error term (ε i ) to be normally and independently distributed with mean zero and variance s 2 . Likewise, a good predictive model should have an adjusted determination coefficient (R 2 ) ≥ 0.80, coefficients of variance (CV) values ≤ 10%, a significant level of p ≤ 0.05, and lack of fit test > 0.1. The normal probability of residuals was graphed (graphs no-showed) for each response variable to check normality assumption of data. The residuals plots obtained approximately along a straight line, which means that the normality assumption was satisfied by the analyzed responses. The difference between the observed and the corresponding fitted value (y i , Ŷ i ) by the experimental model is the error term, that is, e i = y i -Ŷ i . As a result of this assumption, observations y i were also normally and independently distributed. Regarding the other statistical parameters used to decide the satisfaction of the modelling, the values of adjusted R 2 were higher than 0.80.
The regression models explained 89.12%, 94.92%, and 92.01% of the total variability in PC, AoxA and TPC, respectively, with a significance level of p < 0.05. The relative dispersion of the experimental points from the predictions of the models (CV) was observed to be < 10%, and the lack of fit was not significant (p>0.05).
These values indicated that the experimental models were adequate and reproducible. On general, PC of germinated tepary bean flours increased with GT and Gt until reach highest value (360 g/kg, DW) at 40 °C and 170 h ( Figure 1A ). Similar to PC, AoxA also increased with GT and Gt until reaching a maximum value [28,609 µmol TE/100g sample (DW)] at 33 °C and 134 h, and after these germination conditions, AoxA delayed slightly ( Figure 1B) . On the case of the TPC response, a saddle behaviour was obtained ( Figure 1C) , and the stationary point was located at 33 °C and 80 h [TPC=371 mg GAE/100g sample (DW)]. On Figure 1C , it can be observed that the surface curves up in temperature direction, and curves down in time direction. The highest value of TPC [463 mg GAE/100g sample (DW)] was observed at 20 °C and 125 h ( Figure 1C ). Figure 1D , which was obtained of the superimposition of contour plots ( Figures 1A, 1B and 1C) , was utilized to determine the best combination of process variables for production of optimized germinated tepary bean (DGTBF). The central point of the optimization region in Figure 1D corresponds to the optimum combination of bioprocess variables (GT=32 °C/Gt=120h) for DGTBF production with highest PC, AoxA, and TPC values. The predicted values of PC, AoxA, and TPC, using the predictive models of each response variable and the optimal conditions of bioprocessing, were 280 g/kg (DW), 28,358 µmol TE/100 sample (DW) (ABTS assay), and 349.7 mg GAE/100 sample (DW), respectively. DGTBF was produced applying the best combination of germination bioprocess variables; the experiment using optimal conditions was replicated three times. The experimental values of PC, AoxA, and TPC of DGTBF (Tables 2 and 3) were similar to the predicted values, above mentioned, indicating that the optimal conditions of germination bioprocess were appropriated and reproducible.
Optimization
Chemical composition and nutritional properties of Optimized Germinated Tepary Bean Flour (OGTBF)
As shown in Table 2 , following germination at optimal conditions (32 °C/120 h) a significant increase (+58%) in tepary protein content was observed. This increase may be attributed to losses in dry weight, mainly loss in sugars during respiration due to a production of carbon dioxide and water, which escape from the seeds (Mbithi-Mwikya et al., 2000) . During germination process, soluble sugars are produced due to the needs of growing plants (Dmary et al., 2012) .
The lipid content of tepary bean after germination at optimal conditions had a trend toward a significant (p <0.05) decline (-28%) ( Table 2 ). The decrease in sugar and fat contents of seeds during germination can be attributed to the production of energy required for metabolic activity, such as synthesis of RNA, DNA, structural proteins, enzymes and other biological molecules (Khalil & Mansour, 1995; Li et al., 2014) . Table 2 shows the effect of germination bioprocess on dietary fiber content in tepary bean seeds; soluble (+400%), insoluble (+237%), and total dietary (+246%) fiber contents increased after germination. Megat et al. (2016) studied the effect of germination on dietary fiber in selected legumes; they found that soluble, insoluble, and total dietary fiber significantly increased in all germinated samples (kidney, mung, soybeans, peanuts). Cellulose, hemicellulose, and pectic polysaccharides increase during germination; also, the tissue histology and the protein-carbohydrate interaction are affected, which modify the structure of cell wall of the seeds (Martín-Cabrejas et al., 2003) . Ot is well known that dietary fiber is part of a healthy diet. Studies have shown that the dietary fiber influences the gut physiology and protects against different diseases such as haemorrhoids or cardiovascular disease, atherosclerosis, dyslipidemia, hypertension, and some types of cancer (Kendall et al., 2010; Brownlee, 2011; Mackie et al., 2015; Zhu et al., 2015) . Table 2 shows the EAA content of unprocessed and germinated tepary bean flours (UTBF, DGTBF). On general, the EAA content wasn't significantly modified by germination bioprocess. The final EAA contents of UTBF and DGTBF were higher than those of the suggested pattern of EAA requirements for older children, adolescents and adults (3 years and older) (Food and Agriculture Drganization, 2013); thus, in proteins of both samples, there was not limiting EAA with EAA score of 100. Similar results were reported by Odouraine et al. (1989) . Also, the germination bioprocess not modified significantly the in vitro protein digestibility (OVPD) and the calculated protein efficiency ratio (C-PER) of tepary beans (Table 2 ). 
Phenolic Content, Flavonoid Content and Antioxidant Activity (AoxA) of Optimized Germinated Tepary Bean Flour (OGTBF)
As shown in Table 3 the germination bioprocess increased (p <0.05) free (+1,100%), bound (+90%), and total (+232%) phenolic contents. Khang et al. (2016) investigated the phenolic profiles and AoxA of germinated legumes. These researchers reported that the phenolic concentration dramatically increased (p<0.05) in all legumes (Black, mung, and adzuki beans, soybeans, white cowpeas) after five days of germination at 30 °C. López-Amorós et al. (2006) observed that because of the metabolism initiates in the presence of water, the particles inside the grains change and produce energy and new compounds, including phenolics.
During germination there are release and biosynthesis of phenolic compounds, therefore this bioprocess can be considerate an efficient manner of increase the concentration of these compounds in seeds. The release of phenolic compounds such as hydroxycinnamates (e.g., Ferulic and p-Coumaric acids) is carried out by action of esterases (main enzymes that degrade cell wall), which break the ester and ether bonds existing between phenolic compounds and nonstarch polysaccharides in grain cell walls. While, in the case of the biosynthesis of phenolic compounds, it is carried out mainly by action of the phenylalanine ammonia lyase enzyme, which is actived during germination of seeds (Fernandez-Drozco et al., 2009; Ghiassi-Tarzi et al., 2012; Duodu, 2014) . The germination process may produce positive changes in phenolics composition, and the dietary fiber and its association could improve nutritional and phytochemical quality and enhance the health-promoting properties of legumes (Dueñas et al., 2016) .
After germination in optimal conditions (32 °C/120 h) tepary bean seeds showed a significant increase (p<0.05) in free (+227%), bound (+52%), and total (+114%) flavonoid contents (Table 3) . Wu et al. (2012) reported that the germination is an effective bioprocess to increase isoflavonoids content as well as to improve the diversity of these compounds in germinated chickpea; they reported that germinated chickpea has more (4-fold) isoflavonoid content than soybean. The flavonoids have significant effects on prevention and treatment of cancer, which has been demonstrated in epidemiological studies and human clinical trials. Dietary bioactive compounds with anticarcinogenic activity such as flavonoids have been gaining interest among the scientific society because of their safety, the feasibility of oral administration, and cost-effectiveness (Lall et al., 2016) .
On general, AoxA of tepary bean seeds increased after bioprocessing at optimal germination conditions (32 °C/120 h) ( Table 3 ). The AoxA, quantified by DRAC assay, for free (+649%), bound (+135%) and total (+318%) phytochemicals increased after germination. Both, DRAC and ABTS methods, showed a similar tendency. Some researchers (Wu et al., 2012; Aguilera et al., 2013; Gharachorloo et al., 2013; Singh et al., 2014; Dueñas et al., 2016) also reported that the germination increased the AoxA of legumes. However, they did not evaluate AoxA in extracts of bound phenolics. The increase in AoxA with the germination bioprocess is one of the many metabolic changes that take place upon germination of seeds, mainly due to the rise in the content of phenolic compounds by the action of the endogenous hydrolytic enzymes. The increase in phenolic and flavonoid content and AoxA in chickpea seeds shows a potentially important role of phenolics during seed germination, as well as the potential enhancement of the nutraceutical value of seeds by the germination process (Cevallos-Casals & Cisneros-Zevallos, 2010). Xue et al. (2016) carried out a study on bioactive compounds and antioxidant activity of mung and black bean, and soybean during the germination process. They reported, after an analysis of relative contribution, that total phenolics and total flavonoids made the highest (44.87-90.31%) contribution to overall antioxidant activity.
However, in the present research, the phenolics and flavonoids contents and AoxA were measured using colourimetric methods, which have a limitation of interpretation of data due to many interferences in the generation of colour are present during the performance of the technique. Some reactions carried out between chemical reagents, and other no-phenolics compounds (e.g. protein peptides, amino acids, sugars, among others) presents in the extracts generate colour, which interferes with the measurement of the interest response.
Further research is needed to study the effect of the germination process over the content of specific bioactive compounds as phenolic acids and flavonoids in tepary bean. Furthermore, it is necessary to use a more reliable method for determining the in vitro antioxidant power of these bioactive compounds employing cellular systems, to define the possible beneficial antioxidant qualities and the potential health-relevant functionality of this germinated legume.
Conclusions
Although several underutilized legumes are traditionally used in different parts of the world, their full potential is yet to be recognised. Phaseolus acutifolius with rich proteins, carbohydrates, fiber, bioactive compounds, and outstanding agronomic characteristics qualifies its beneficial utilization in agriculture, foods and pharmaceutical industries in future. The optimum conditions for the production of germinated tepary bean flour with the highest protein, antioxidant activity and total phenolic values were: Germination temperature = 32 °C/Germination time = 120 h. The optimized germination process also increased protein, dietary fiber, and flavonoids contents of tepary bean seeds. For this reason, the optimized germinated tepary bean flour could be considerated as functional food or ingredient rich in protein, dietary fiber, and natural antioxidants.
